Introduction
============

Persistent health inequalities are a worldwide problem. Alleviation of preventable human suffering caused by inequitable access to healthcare facilities is being advocated globally. But what are the prospects for human health in developing countries where there is an increased threat of adult chronic diseases against a backdrop of the relentless crisis of infectious diseases, environmental degradation, and political indifference? It is time for these developing countries to review and reset their health priorities. Globally, these health priorities are set not only by consideration of health issues pertaining to a particular region but also by selection of information by political and scientific bodies. There are health problems afflicting large numbers of families and communities, but these remain invisible to better-off and protected communities. As a result, some vital health issues find no place in a country\'s health agenda. A prominent example is that of cardiovascular disease (CVD). Projections show that CVD has reached epidemic proportions in many developing countries. In India, mortality attributable to CVD is expected to rise by 103% in men and by 90% in women from 1985 to 2015 ([@b5]). More importantly, the disease catches Indians young. Therefore, to stop the ruthless assault of CVD in developing countries, there is an urgent need to represent the disease in the health agenda of these countries.

A cost-effective preventive strategy will need to focus on reducing risk factors both in the individual and in the population at large. However, a key factor that hampers the development of such preventive strategies in developing countries such as India is the meager amount (8%) of published literature on CVD research available from these countries ([@b36]). Much of the knowledge of risk factors for coronary artery disease (CAD) has been acquired from studies conducted in the Western population. It is widely believed that the association of these risk factors with CAD in other populations needs to be ascertained, and there is speculation that differences might range from the frequency of presence of classical risk factors to their total absence or irrelevance in these populations. Therefore it is imperative to undertake large population-based, prospective studies in developing countries such as India to identify CAD risk factors, both conventional and novel. However, careful scrutiny of available scientific evidence for modifiable CAD risk factors (elevated serum total and low-density lipoprotein cholesterol \[LDL-C\], low high-density lipoprotein cholesterol \[HDL-C\], smoking, diabetes, hypertension, low level of physical activity, and obesity) in this population may be helpful in formulating a more immediate CAD prevention strategy.

In this article, the word Indian refers to the entire population of India. We review the rising mortality rates due to CAD and premature CAD in this population. Through a review of studies carried out in resident Indians, we discuss the conventional risk factors prevalent in young Indian CAD patients. We have restricted ourselves to well established CAD-associated risk factors, as these are the immediate targets for cardiac event risk reduction worldwide ([@b52]). To make up the deficiencies in data, we have tried to supplement the information from India with studies from other Asian countries. We suggest that by using the available data, a preventive strategy can be developed for the Indian population.

Rising prevalence of cardiovascular diseases globally
=====================================================

CVDs are no longer confined by geographical area or by age, sex, or socioeconomic boundaries. Heart disease has already reached epidemic proportions in poorer countries. Of the 45.0 million adult deaths reported worldwide in 2002, three-quarters (32 million) were due to noncommunicable diseases ([@b70]). Except in Africa, noncommunicable diseases outnumbered communicable diseases in all WHO regions worldwide. In Southeast Asia alone, 7 423 000 deaths were due to noncommunicable diseases as compared with 5 730 000 deaths related to communicable diseases in the year 2002. Globally, ischemic heart disease (IHD) was the leading killer in the age group ≥60 years, and, with 1 332 000 deaths in adults aged 15--59 years, IHD was ranked behind HIV/AIDS only ([Figure 1](#fig1){ref-type="fig"}).
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With 6.8% and 5.0% of disability-adjusted life-years (DALYs) lost, CAD and stroke were globally the second and third largest causes of disease burden in men aged 15 years and older in 2002 ([@b36]). Even in women, CAD and stroke were the third and fourth main causes of DALYs lost worldwide.

Trends of cardiovascular diseases in India
==========================================

It is well known that the demographic transition in Western countries was accompanied by a decrease in deaths due to infectious diseases and increased mortality due to noncommunicable diseases. India is in the midst of such demographic transition. The average life expectancy at birth in India is 63.7 years, being 63.1 for males and 64.4 for females ([@b28]), compared with the national average of 41.2 years in 1951--1961 ([@b71]). There has been a decline in death rate from 1941 to 1971, followed by a sharp decline in birth rate from 1971 onwards ([@b18]). This rise in life expectancy in India is attributed to a decrease in infectious, parasitic, and nutritional disorders and, in itself, is a remarkable achievement. However, this demographic transition has also led to an increase in the number of older people (aged ≥60 years), from 19.61 million in 1950 to 75.93 million in 2000 ([@b62]). The increase in life expectancy has brought a large section of the population to an age where CVD starts manifesting itself.

In India, CAD rates have increased during the last 30 years, whereas declining trends have been noticed in developed Western countries ([@b13]). Reports on CAD in Indians from different parts of the world have shown that Asian Indians are at 3--4 times higher risk of CAD than white Americans, 6 times higher than Chinese, and 20 times higher than Japanese ([@b11]; [@b19]; [@b14]; [@b15]). The exact prevalence of CAD in India is difficult to estimate owing to the lack of a large prospective study. Absence of a centralized death registry for CVDs and irregularities in completion of death certificates also hamper estimation of the actual burden of CVD ([@b58]). However, various independent epidemiological studies ([@b42]; [@b48]; [@b25]; [@b24]; [@b6]; [@b59]) conducted in North India suggest that the prevalence of CAD has increased from 1% in 1960 to 10.5% in 1998 in the urban population ([Figure 2](#fig2){ref-type="fig"}). A higher prevalence of CAD, ranging from 11.0% to 14.2%, has been reported from South India ([@b2]; [@b55]; [@b43]). In rural India, a twofold increase has been reported in the northern states ([@b9]; [@b26]; [@b20]; [@b68]; [@b2]; [@b21]; [@b59]). A higher prevalence of 7.4% was observed in some parts of rural South India as long ago as in 1993 ([@b33]). Taking into account the size of the Indian population, these prevalence rates, translated into figures, indicate that a large number of deaths can be attributed to CAD.
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In view of the trends witnessed in Western countries, it appears inevitable for the initial increase of CAD-related risks in more affluent sections of society to soon permeate all class barriers. Community and case control studies in India are already suggesting an increasing association between lower education or lower income and CAD ([@b20]; [@b49]). Compounded by the lower economic status of these socioeconomic groups, the number of CVD-related deaths may rise even above the projected figures. As the existing health infrastructure lacks the capacity to bear the immense burden that CVD will exert, there is an urgent need to stop the progress of this epidemic.

Premature CAD in Indians
========================

Of particular concern to India is not only the high burden of CVDs, but also the effects of CVD on the productive workforce aged 35--65 years. The salient features of the CAD epidemic in India are listed in [Table 1](#tbl1){ref-type="table"}. The incidence of CAD in the young has been reported to be 12%--16% in Indians ([@b39]; [@b46]). Half of the CVD-related deaths (ie, 52% of CVDs) in India occur below the age of 50 years, and about 25% of acute myocardial infarction (MI) in India occurs under the age of 40 years ([@b45]; [@b13]).

###### 

Salient features of the coronary artery disease (CAD) epidemic in India

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  India topped the world with 1 531 534 cardiovascular disease-related deaths in 2002Median age of first heart attack in Indians is 53 yearsIncidence of CAD in young Indians is about 12%--16%, which is higher than any other ethnic groupAbout 5%--10% of heart attacks occur in Indian men and women younger than 40 yearsAge-standardized estimates for disability-adjusted life-years lost due to CAD per 1000 population in India are three times higher than in developed countries
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source: [@b39]; [@b46]; [@b36]; [@b72].

Heart diseases are occurring in Indians 5 to 10 years earlier than in other populations around the world ([@b27]; [@b11]). According to the INTERHEART study, the median age for first presentation of acute MI in the South Asian (Bangladesh, India, Nepal, Pakistan, Sri Lanka) population is 53 years, whereas that in Western Europe, China, and Hong Kong is 63 years, with more men than women affected ([@b72]). Data from the Singapore Myocardial Infarction Registry from 1988 to 1997 for acute MI cases aged between 20 and 64 years also showed that men were four times more prone to these events than women ([@b31]). The median age for presentation of first MI was higher in Asian women than in Asian men (58 and 54 years, respectively), a finding similar to that of the INTERHEART study ([@b72]). Among the three Asian populations, Chinese, Malay, and Indian, the highest age-standardized incidence rates in both sexes are in Indians. The first MI attack occurs in 4.4% of Asian women and 9.7% of men at age less than 40 years, which is 2- to 3.5-fold higher than in the West European population and is third highest of all the regions studied worldwide ([@b72]). These studies carried out in India and other places suggest that Asians in general and Indians in particular are at increased risk of MI at a younger age (\<40 years), irrespective of whether they have migrated to other countries or are resident Asians.

It must be emphasized that although the median age of presentation is higher in women, they are known worldwide to have poor prognosis compared with men ([@b44]; [@b40]; [@b41]; [@b66]; [@b31]; [@b38]). Younger Asian women have worse survival at 28 days after acute MI ([@b29]; [@b31]). The reasons for higher mortality in younger women are poorly understood and may be related to the presence of different risk factors in women, comorbidities, severity of infarction, and response to treatment. In view of the above discussion, it is imperative to ascertain the causes of the rising prevalence and emergence of CAD earlier in the life of Indians.

Risk factors for premature CAD in Indians
=========================================

Most of the knowledge on CAD risk factors in different age groups is from studies carried out in the migrant Indian population ([@b8]; [@b8]; [@b30]; [@b3]; [@b35]), and these have their limitations. It has been suggested that the results of these studies cannot be generalized, as there is either overrepresentation of certain communities or under-representation or absence of other communities. Furthermore, Indians who have migrated to affluent countries are at a higher demographic transition state than those residing in India. For these reasons, it has been widely speculated that the observations in the migrant population may not hold true for the Indian population. Therefore, we review here only those studies that were carried out in resident Indians, as this provides the true status of the prevalence of conventional CAD risk factors in this population.

Recently, the INTERHEART study ([@b72]), involving 52 countries, established an association between conventional modifiable risk factors for MI in all regions of the world, including South Asia, and in both sexes and at all ages ([Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}). In South Asians, apolipoprotein (Apo)B/ApoA1 (odds ratio \[OR\] 3.81) and smoking (OR 2.43) were the important risk factors, as in the rest of the world. However, hypertension (OR 2.89), abdominal obesity (OR 2.43), and diabetes (OR 2.48) had more severe effects in South Asia, whereas psychosocial factors had an OR of 2.15, compared with 2.67 worldwide. The INTERHEART study also showed that hypertension and diabetes were more important risk factors in younger Indian women than men. Earlier studies, mostly in Western populations, have also found an association of the above-mentioned risk factors with the development of CAD. For example, in the Prospective Cardiovascular Münster Heart Study (PROCAM), a large prospective study in men aged 35--65 years, eight variables that made an independent contribution to risk of CAD were age, systolic blood pressure, LDL-C, HDL-C, triglycerides, diabetes mellitus, smoking, and family history of MI ([@b1]).
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To find out if there are differences between the results obtained by the INTERHEART study and by the studies conducted independently in India, we reviewed the data obtained by the latter studies. The Jaipur Heart Watch-2 study is a prospective study from North India that found a high prevalence of classical risk factors for CAD, namely smoking, low physical activity, hypertension, hypercholesterolemia, diabetes, and obesity, in urban men and women of Jaipur ([@b23]). Factors peculiar to the South Asian population, such as truncal obesity, low HDL-C, and high triglycerides, were also prevalent. A significant increase in people with obesity, diabetes, and dyslipidemias was observed as compared with those reported in the Jaipur Heart Watch-1 study carried out in the early 1990s in the same population. An increasing prevalence of impaired glucose tolerance and diabetes in urban residents of Chennai has also been reported ([@b54]).

Fewer studies on epidemiological data from angiographically proven cases of premature CAD (≤40 years) in native Indians are available ([@b32]; [@b37]; [@b7]; [@b65]; [@b53]; [@b4]; [@b43]; [@b23]; [@b16]). Hyperlipidemia was found to be prevalent in young Indians with CAD in these studies. However, differences appear to exist between the lipid levels present in North and South Indian CAD patients and individuals without CAD. It appears that North Indians manifest the disease at lower levels of total cholesterol ([@b43]; [@b54]; [@b16]). Also, a greater role can be attributed to total cholesterol and LDL-C in atherogenesis in the younger Indian population (≤40 years) with angiographically proven CAD. The lower HDL-C and higher triglyceride levels in both younger and older cases appear to be a hallmark of the Indian population ([@b43]; [@b16]). In the INTERHEART study ([@b72]) also, the highest population attributable risk (PAR) was abnormal lipids (ApoB/ApoA1 ratio) in both sexes. These studies indicate that abnormalities in lipid metabolism play an important role in development of CAD in young Indians. Also, compared with women ([@b7]; [@b53]), young Indian male patients have a slightly lower prevalence of hypertension and diabetes ([@b32]; [@b37]; [@b16]).

Smoking and low physical activity in Indians have been found to be prevalent in 20--39-year-old urban adults ([@b23]). The INTERHEART study also observed that smoking was a greater risk factor in younger men than in women ([@b72]). The risk of CAD increased incrementally with smoking. The OR was 9.16 in individuals who smoked more than 40 cigarettes per day, compared with 1.38 in those smoking 1--5 cigarettes per day, indicating that there is no safe limit for smoking. Other epidemiological studies from India also suggest a greater association of smoking with CAD in younger individuals ([@b32]; [@b61]; [@b37]; [@b65]; [@b16]). Furthermore, the prevalence of smoking in South Indian males (44.6%) and passive smoking in South Indian females (45.3%) has been reported to be significantly higher than in North Indians ([@b2]). Interestingly, smoking has not been found to be a significant risk factor in acute MI patients from rural parts of India. The patients from rural India, however, have elevated blood glucose and abnormal waist/hip ratio ([@b51]).

Another important independent risk factor for CAD in younger cases emerging out of Indian studies is family history of CAD ([@b32]; [@b37]; [@b16]). The INTERHEART study showed a PAR of 14.8% in younger versus 10.45% in older patients ([@b72]). Though addition of family history of CAD to other risk factors causes only a modest increase in PAR by 1% ([@b72]), it must be emphasized that modifiable physiological variables such as blood pressure, ApoB/ApoA1 ratio, serum cholesterol, and abdominal obesity are also partially under genetic control. As family history of CAD emerged as the second most important risk factor in young Indian patients ([@b16]), analysis of potential genetic factors such as variance of genes involved in vascular homeostasis, hemostatic factors, lipid metabolism, and other metabolic factors is warranted.

Evidence from studies carried out in South Asians ([@b72]) suggests that conventional risk factors account for 90% of the PAR in men and 94% in women (hypertension, smoking, diabetes, ApoB/ApoA1 ratio, and abdominal obesity accounted for 80.2% of the PAR). As these risk factors were also established by Indian studies to be involved in premature CAD, there are now enough data for establishment of health policies to counteract the threat posed by the epidemic of CVDs in India. Modification of environmental triggers for these risk factors is likely to reduce the speed of this advancing epidemic. The benefits of genetic research in this area can in future be reaped in economic terms.

What needs to be done?
======================

In view of the above discussion, we propose an action plan to tackle CAD in India, salient features of which are given in [Table 2](#tbl2){ref-type="table"}.

###### 

Action plan to tackle coronary artery disease (CAD) in India

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Identification of individuals at risk of cardiovascular disease by using Indian population-specific upper and lower extremes for various risk factorsPreventing unhealthy demographic transition by developing public health strategies to control risk factors at both community and individual levelsEmpowerment of community to find what works best for themGenerating awareness among health professionals and community about women being neglected victims of CADAccess to medicines
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Defining the cut-offs for CAD risk factors
------------------------------------------

A cause of concern to developing countries such as India is the incomplete detection, treatment, and control of CAD risk factors. The non-availability of guidelines for various risk factors such as cholesterol, triglycerides, HDL-C, and systolic and diastolic blood pressure with particular reference to Indians hampers treatment. In the absence of population-specific upper and lower extreme values for a risk factor, a clinician is left with an "action level" for a risk factor that is perhaps more appropriate for Western populations. The result is that treatment at lower levels of the risk factor is denied. According to the available data in native Indians, it is likely that some of the cut-offs for parameters such as total cholesterol, triglycerides, LDL-C, HDL-C, blood pressure, and body mass index (BMI) are different from those in Western populations. The lower BMI (\<23) cut-off value for Asians is one such example ([@b64]; [@b50]).

The benefit of treating patients with myocardial ischemia and cholesterol levels within normal limits have been shown by several studies ([@b47]), including the Cholesterol and Recurrent Events (CARE) study, the Long-term Intervention with Pravastatin in Ischemic Disease (LIPID) study, and the Heart Protection Study (HPS). The beneficial effects of statins in bringing down mortality rates due to CAD can be obtained only if appropriate guidelines for a population are available. The occurrence of CAD in North Indians ([@b16]) at lower cholesterol levels (∼170 mg/dL) indicates the need for lowering the upper safe limits for this parameter.

Once the guidelines for cut-off values for Asians for different risk factors at different ages and BMI for the two sexes are available, a true picture of the prevalence of these risk factors in this population will be available. Appropriate guidelines for identifying an individual at risk of developing CAD could then be established. Beneficial effects of therapies for reducing risk factors in the Indian population can subsequently be achieved.

Thus the key to finding a solution to the CAD epidemic in Asians in general and Indians in particular lies in getting accurate data for CAD risk factors in native populations using guideline values relevant to these populations.

Preventing the unhealthy demographic transition
-----------------------------------------------

Empowering the community to determine what works best for them may make a difference as far as CAD prevention is concerned.Wider debate on complex issues like use of "polypills" for prevention of CAD in the asymptomatic population is needed. With rapid urbanization and industrialization, a nutritional transition is occurring in India. A continual increase in the prevalence of obesity is being seen ([@b56]; [@b69]). With the introduction of an era of refined foods, including refined flour (maida), sugar, and hydrogenated oils, the traditional high complex carbohydrate, high fiber, low-fat diet has been replaced by a diet rich in fats and readily absorbable simple sugars and low in minerals and dietary fiber ([@b34]; [@b60]), a scenario threatening to produce similar health hazards to those seen in well developed nations. It is, however, important to emphasize that this nutritional transition is not inevitable. Public health professionals need to develop strategies so that a healthier transition occurs.

It is well known that controlling the risk factors in patients with CAD risk equivalents is effective in reducing the rates of CAD. The benefits of addressing the root cause of CVD, such as smoking, threatening levels of body fat, cholesterol, and blood pressure, and low intake of fruits and vegetables, together with the use of affordable and accessible preventive combination medications will be immense in a country the size of India in terms of number of lives saved, mostly among middle-aged persons. The barriers to bringing about community and individual behavior changes also need to be addressed. These findings may then be translated into innovative preventive approaches targeting both the community and individuals to help reduce the risk of CAD. Simple solutions to seemingly complex problems may be available within the community. For example, low intake of fruits and vegetables may be related to low availability and affordability, which may be solved by regular or weekly neighborhood markets where farmers can sell their fresh produce themselves at a reasonable price; religious groups can help in promoting exercise, abstinence from smoking, and observance of a vegetarian diet; healthier ways of cooking traditional food can be demonstrated by local television stations, etc. Empowering the community to determine what works best for them may make a difference as far as CAD prevention is concerned.

Recently, [@b67] proposed a strategy for simultaneously reducing four CVD risk factors (LDL-C, homocysteine, blood pressure, and platelet function) by providing a single pill containing aspirin, a statin, three blood pressure-lowering agents in half dose, and folic acid to people with vascular disease and those aged over 55 years. However, the complex issues of use of preventive medication among people without symptomatic disease require wider public debate.

Women: neglected victims of heart disease
-----------------------------------------

Because coronary heart disease-related mortality is less in younger women than in men, it is widely believed that CAD is a men\'s disease. In fact, CAD is the leading cause of death in many parts of the world even in women younger than 65 years. [Table 3](#tbl3){ref-type="table"} summarizes the main points regarding heart disease in Indian women. In India, diseases of the circulatory system were among the top three causes of death in rural women in 1994 ([@b17]; [@b57]). One of the leading causes of morbidity in urban Indian women in 1993 was high blood pressure and heart ailments ([@b57]). As the prognosis in women is worse than that in men, these facts underline the need for giving special attention to women and heart disease.

###### 

Heart disease in Indian women

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Heart disease in women is the third leading cause of deathHigher mortality in women than in men within 28 days of the first acute myocardial infarctionMajor risk factors for coronary artery disease in women are the same as in men; hypertension and diabetes have a higher risk in womenExercise has more beneficial effect in women than in menHeart attack can be easily prevented in women by modifying the risk factors
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source: [@b17]; [@b57]; [@b72].

Informing women about their risk factors will help them to respond in a better way to preventive health advice and will enable them to recognize symptoms themselves. Health professionals, on the other hand, need to improve diagnosis, referral, and treatment of women with symptoms of CAD.

Access to medicines
-------------------

Advances in medicine and technology have provided a boost to health and life expectancy. However, the benefits of these advances have not infiltrated to the poorer developing countries. There is an urgent need to improve access to key medicines in countries such as India. Barriers exist in the form of lack of money to buy medicines, improper selection of drugs, poor health infrastructure, and lack of political will of governments. New regulations need to be drafted and adopted to enable essential medicines at reduced prices to reach the poorer sections of society.

Conclusions
===========

Researchers worldwide consider there is a 20-year window of opportunity to make inroads against the ravages of CVD. To slow the momentum of CVD in countries such as India, particularly among the working-age population, major initiatives are needed to combat CVD, whether promotion of diet and physical activity, generation of awareness among both sexes, or development of guidelines for risk factors and therapeutic and surgical strategies.
